Drug-induced liver injury (DILI) is an increasingly common cause of acute hepatitis. We examined clinical features and types of liver injury of 65 affected patients who underwent liver biopsy according DILI etiology. The major causes of DILI were the use of herbal medications (43.2%), prescribed medications (21.6%), and traditional therapeutic preparations and dietary supplements (35%). DILI from herbal medications, traditional therapeutic preparations, and dietary supplements was associated with higher elevations in aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels than was DILI from prescription medications. The types of liver injury based on the R ratio were hepatocellular (67.7%), mixed (10.8%), and cholestatic (21.5%). Herbal medications and traditional therapeutic preparations were more commonly associated with hepatocellular liver injury than were prescription medications (P = 0.002). Herbal medications and traditional therapeutic preparations induce more hepatocellular DILI and increased elevations in AST and ALT than prescribed medications.
INTRODUCTION
Drug-induced liver injury (DILI) is caused by various prescribed medications, herbs, or other substances that lead to liver dysfunction in the absence of other etiologies (1) . In Western countries, DILI accounts for 1.2%-6.6% of the cases of acute liver disease seen at tertiary referral centers and is one of the leading causes of acute liver failure, accounting for 13% of all cases (2) . In Korea, the annual extrapolated incidence of DILI in hospitalized patients at a university hospital was calculated as 12/100,000 persons/year, and DILI is the most common cause of acute hepatitis (3) . DILI can be classified into hepatocellular, cholestatic, and mixed patterns based on the ratio of serum alanine aminotransferase (ALT) to alkaline phosphatase (ALP) (4) .
The types of liver injury in DILI and the common causative agents have been documented in Western countries (5, 6) . However, most of these studies have been limited to assessing prescribed medications, such as antibiotics and anti-tuberculosis and the central nervous system (CNS) agents. The acceptance in Korea of oriental medicine and other traditional folk remedies as alternatives to modern medicine creates unique circumstances for studying DILI (7) . These remedies, commonly called herbal medicines in Korea, are regarded as safe by many people and are often used to treat various conditions in the absence of regulation or expert advice. The number of individuals exposed to herbal medications is greater in Korea than in Western countries, suggesting that the causative agents that lead to DILI and the types of liver injury with which it is associated may differ from those in Western countries and resemble those in other Asian countries, such as China and Japan. The aim of this study was to investigate the clinical features and types of liver injury of affected patients who underwent liver biopsy according to DILI etiology.
MATERIALS AND METHODS
A retrospective analysis was performed on the medical records of 163 patients who visited Soonchunhyang University Hospital (Seoul, Korea) with acute hepatitis diagnosed as DILI transferase (AST) or ALT ≥ 3 × upper normal limit (UNL) or total bilirubin (TB) ≥ 2 × UNL (8) . We identified 65 cases of DILI that met the following inclusion criteria: 1) modified Roussel Uclaf Causality Assessment Method (RUCAM) score ≥ 7; 2) > 18 yr of age; and 3) DILI confirmed by biopsy. Histopathologic evaluation was performed by a single, experienced pathologist. History taking, radiologic tests including abdominal ultrasonography, and computed tomography (CT), and laboratory tests were performed to exclude etiologies other than DILI. All 65 patients underwent liver biopsy, and their baseline characteristics, etiology, chief complaints, comorbidities, laboratory findings, and histopathologic findings were analyzed. All patients with liver biopsy manifested moderate to severe liver disease. There was no patient who transferred for liver transplantation. Clinical mild hepatitis such as transient elevation of aminotransferase was excluded to do liver biopsy. During the study period, the number of mild hepatitis was a few.
Definitions of DILI
DILI was defined as a liver injury that was caused by various medications, herbs, or other substances that led to liver dysfunction in the absence of other etiologies. In terms of the clinical characterization of DILI, the ratio of serum ALT to ALP was used as the R value ([ALT value/ALT UNL]/[ALP value/ALP UNL]). All DILI patients were classified into three groups by R value: hepatocellular DILI was defined as R ≥ 5, cholestatic as R ≤ 2, and mixed as 2 < R < 5 (9).
Patient classification
DILI was classified according to etiologic agent using these categories: medications, herbs, health foods or dietary supplements, and folk remedies. Medications were defined as medications prescribed by a medical doctor. Herbs were defined as herbal medications prescribed and compounded by a doctor of oriental medicine. Other traditional remedies that did not fit into the category of herbal medications were classified as folk remedies. Preparations intended to enhance the diet and provide nutrients, such as vitamins, minerals, fiber, fatty acids, and amino acids, were classified as health foods or dietary supplements. We combined the latter two classes into the category of health foods or dietary supplements and folk remedies. Factors associated with the etiology and pathologic findings of DILI, particularly the type of liver injury of each patient, his/her symptoms, and laboratory findings, were analyzed.
Statistical analysis
Basic descriptive statistics, including means, standard deviations (SDs), and ranges were used to characterize the participants. The number of patients with each etiology was tabulated, and percentages were calculated to reflect proportions of the total cohort. Modified RUCAM scores were used to determine the offending drug in each case of suspected idiosyncratic DILI. We used one-way analysis of variance (ANOVA) for data that were normally distributed and the Kruskal-Wallis non-parametric test for data that were not normally distributed. When the latter was used, we performed multiple-comparison testing using the Mann-Whitney test (Bonferroni's method) if the data from each group differed. For the evaluation of differences between the continuous variables among the groups, post-hoc analysis was done. For categorical variables, associations with outcome were assessed via the person chi-square test. Results were considered statistically significant when the P value was < 0.05. All statistical analyses were performed with statistical software (SPSS, ver. 17.0, SPSS, Chicago, IL, USA).
Ethics statement
The study design was approved by the institutional review board at Soonchunhyang University Hospital, Seoul, Korea (IRB No. SCHUH-2014-10-022). Because the study design was retrospective, informed consent was exempted by the board.
RESULTS
A total of 163 patients were suspected to have DILI. We excluded 98 patients who were < 18 yr old, had a modified RUCAM score < 7, or who did not undergo a liver biopsy. After excluding these 98 patients, the medical records of 65 eligible patients were reviewed retrospectively ( Fig. 1) . Table 1 shows baseline characteristics of enrolled patients. The incidence of DILI was higher in females (n = 41) than in males (n = 24), and the mean age of the patients was 48.2 ± 13.1 yr. The major causes of DILI were the use of herbal medications (43.2%), prescription medications (21.6%), and traditional ther- Table 2 .
Baseline characteristics

Laboratory findings
The (Table 3 ). These results demonstrate that DILI from herbal medications and traditional therapeutic preparations and dietary supplements shows higher AST (P = 0.009) and ALT (P = 0.001) level than that from prescription medications (Fig. 2) . However, we found no significant differences in ALP (P = 0.304), the AST/ALT ratio (P = 0.407), prothrombin time (P = 0.184), total bilirubin (P = 0.521), and γ-GPT (P = 0.630) ( Table 3) .
Types of liver injury
The types of liver injury based on the R ratio ([ALT/UNL]/[ALP/ UNL]) were hepatocellular (67.7%), mixed (10.8%), and choles- Prescribed medicines (n = 14) Antibiotics (n = 5), nonsteroidal anti-inflammatory drugs (n = 3), anti-thyroid drugs (n = 1), fexofenadine (n = 1), tranilast (n = 1), ezetimibe/simvastatin (n = 1), cyclophosphamide (n = 1), anti-tuberculosis (n = 1) Folk remedies (n = 21)
Red ginseng (n = 6), Pleuropterus multiflorus (n = 4), Taraxacum platycarpum (n = 2), Astragalus membranaceus (n = 2), Phellinus linteus (n = 2), Scutellaria baicalensis (n = 1), Glycyrrhiza uralensis Fischer (n = 1), Citrus unshiu Markovich (n = 1), Angelica gigas Nakai (n = 1), Ganoderma lucidum Karsten (n = 1) Health food (n = 2) Glucosamine (n = 2) tatic (21.5%). Among patients whose DILI was due to herbal medication, the most common type of liver injury was hepatocellular (20/28, 71.4%) and the same result was observed with health foods or dietary supplements and folk remedies group (20/23, 87.0%). Among those receiving prescription medications, there was an even distribution of the types of liver injury: hepatocellular 28.6%, mixed 21.4%, cholestatic 50.0%. So, higher incidence of hepatocellular type was observed in herbal medication and health foods or dietary supplements and folk remedies groups than in prescription medication group (P = 0.005) ( Table 4 ). The main pathologic findings were cholestasis (66.2%), zone 3 necrosis and swelling (53.8%), increased eosinophilic infiltration (43.1%), and bridging necrosis (21.5%).
A correlation between pathologic findings and etiology was not found in this study (Table 4) . Main pathologic findings of drug induced liver injury are demonstrated in Fig. 2 . However, higher incidence of hepatocellular type liver injury was observed in herbal medications and health foods or dietary supplements and folk remedies groups than in prescription medication group (P = 0.005). All patients were recovered without complication after conservative treatment. 
DISCUSSION
The incidence of drug-induced liver injury was recently reported in a nationwide multicenter Korean study (10) . In our study, we analyzed the relationship between etiology and type of liver injury. Our results indicated that prescription medications accounted for 27.3% of DILI cases, herbs (including herbal medications) accounted for 40.1% of cases, and folk remedies and dietary supplements accounted for 22.3% of cases. The patterns of liver injury associated with each type of etiology differed somewhat from those found in a previous nationwide Korean study. Suk et al. (10) reported the most common pattern of liver injury associated with herbs was hepatocellular and that the most common pattern associated with folk remedies and dietary supplements was cholestatic. However, in our study, the most common pattern of liver injury for herbs and folk remedies and dietary supplements was hepatocellular. The etiology of DILI in Western countries differs from that in Asian countries, especially Korea and China. The causative agents of DILI in Western countries are primarily prescription medications, such as antibiotics, analgesics, and CNS agents, and only 0%-9% of cases had etiologies other than prescription medications (11, 12) . The components of prescription medications are generally well known (13) , whereas the exact ingredients of the herbs and folk remedies used in oriental medicine are more difficult to identify. Thus, the widely-used method of DILI classification that relies on R-values would not be a useful standard in Asian compared with in Western countries, which we believe accounts for differences between our study and the recent nationwide DILI study in Korea (10) . A standard classification will require cooperation among the government, physicians, and doctors of oriental medicine in the service of identifying the specific ingredients of herbs and folk remedies. In our study, the increase in aminotransferase levels in DILI significantly differed according to causative agent. The type of liver injury caused by herbal medications and traditional therapeutic preparations and dietary supplements was predominantly hepatocellular, and these were more likely to cause this type of injury than were prescription medications. A hepatocellular pattern indicates a greater aminotransferase elevation because, by definition, ALT is elevated five-fold compared with ALP (14, 15) . The incidence of aminotransferase elevation may be greater with herbal medications and traditional therapeutic preparations and dietary supplements than with prescription medications because the R value is defined by ALT. However, data from our study indicate that both ALT and AST can be useful for predicting the pattern of livery injury.
Our study has several limitations. First, it used a single-center, retrospective design. However, due to the nature of DILI, it would be difficult to design a prospective study with a design that substantially differed from our retrospective design. Additionally, the number of patients in our study was sufficient to derive a conclusion from the data. Second, because all of our patients recovered completely, we could not compare the prognosis of the patients according to causative agents or types of liver injury. Third, the hospital stay of each patient was not same because patients who were diagnosed with DILI due to prescribed medication were admitted to the hospital earlier in the course of DILI than those due to herbal medications or traditional therapeutic preparations and dietary supplements. They generally did not visit the hospital until visible jaundice or detectable symptoms occurred. In the last, in our study, all enrolled patients took liver biopsy which confirmed moderate to severe liver disease in all patients. No patients were transferred for liver transplantation. Clinically mild hepatitis patients with transient elevation of aminotransferase were excluded to do liver biopsy. During the study period, the number of mild hepatitis was a few. Therefore, we think the selection bias might be minimal.
In conclusion, the etiology of DILI in Korea was quite different from that in western countries. The pathologic findings of the patients included in this study differed from that of another Korean DILI study. We presume that the complexity of the ingredients of causative agents is responsible for the conclusion as aminotransferase levels are higher among those receiving herbal medications and traditional therapeutic preparations and dietary supplements than among those receiving prescribed medications. And this could account for the increased incidence of hepatocellular liver injury.
